Proton pump inhibitors (PPIs) are effective in the treatment of gastroesophageal reflux disease, erosive esophagitis, duodenal ulcers, and pathologic hypersecretory conditions. The use of PPIs has greatly increased in clinical practice over the past decade. The mechanism of action of PPIs is suppression of gastric basal and stimulated acid secretion by inhibiting the parietal cell H þ /K þ ATP pump. 1 The result is an increase in gastric pH and hypo-or achlorhydria. Although initially intended for short-term use, PPIs are often inappropriately prescribed as a long-term maintenance medication. PPIs cause few adverse effects with short-term use, whereas long-term use has come under scrutiny due to inappropriateness, drug-drug interactions, and the potential for adverse effects, most notably hip fractures, cardiac events, Clostridium difficile infection, pneumonia, and vitamin and mineral deficiencies. A review by Johnson and Oldfield 2 noted that the majority of adverse effects of PPIs are due to prolonged gastric acid suppression with long-term therapy. Gastric acid plays a pivotal role in the absorption of iron. There are 2 types of dietary iron: (1) the heme type derived from animal blood and muscle and (2) the more common nonheme type derived from plants, fruits, vegetables, grains, and nuts. Accounting for 10% of the Western diet, the heme type is absorbed independently of gastric pH, whereas the nonheme component requires an acidic pH for absorption. 3 There are few case reports of iron deficiency induced by long-term omeprazole use and the effect of omeprazole on iron replacement therapy. [3] [4] [5] In contrast, Koop and Bachem 6 concluded that iron and ferritin malabsorption was unlikely to occur during the first 3 to 4 years of omeprazole therapy. However, Hutchinson et al 7 found that long-term use of PPIs in hereditary hemochromatosis decreases iron absorption and limits the accumulation of iron in tissue stores.
Clinical case
A 58-year-old man with an extensive cardiac history including coronary artery disease, status post coronary artery bypass graft, During his initial admission in January 2015, the patient's fecal occult blood test result was negative, and an EGD was unremarkable for any signs of bleeding. He was discharged to follow-up for outpatient colonoscopy and capsule endoscopy a few weeks later, both of which were unremarkable for signs and symptoms of bleeding. Biopsy specimens were negative for Helicobacter pylori and celiac disease.
This patient was readmitted in February 2015 for dizziness and dyspnea on exertion and was found to be profoundly anemic with hemoglobin level of 6.9 g/dL and again was transfused 2 units of packed red blood cells. As before, the patient had a negative fecal occult blood test result. He underwent an extensive work-up including lab work for iron deficiency, vitamin B 12 and folate deficiency, hemolysis including lactate dehydrogenase and haptoglobin, a peripheral smear as well as a computed tomography (CT) and Meckel's scan to rule out sources of bleeding.
Significant findings included a low reticulocyte index, microcytosis, and severe iron deficiency, with a reported ferritin level of 1.1 ng/mL. Vitamin B 12 and folate levels were normal. Haptoglobin, lactate dehydrogenase, and bilirubin were normal. A peripheral smear showed pure iron deficiency with hypochromic cells and anisocytosis. Computed tomography abdominal imaging did not show any signs of bleeding. He underwent a Meckel's scan that showed no evidence of Meckel's diverticulum. The patient underwent iron absorption testing by administration of oral ferrous sulfate tablets at a dose of 975 mg, with serum iron levels measured at 0, 30, 60, and 120 minutes. Results were consistent with malabsorption.
An extensive review of the patient's chart showed a normal complete blood count in February 2003.
He was started on omeprazole during a clinic visit in September 2005 for indigestion symptoms and remained on PPI therapy through 2015. Since that time, his mean corpuscular volume (MCV) was microcytic and his red blood cell distribution width (RDW) was elevated. His hemoglobin continued to trend down, and he was first noted to be anemic in February 2012. In September 2013, iron studies were significant for a ferritin level of 5. (Table I) . He was treated with iron supplementation for years with good compliance, but never had significant improvement in iron studies or his anemia. He was fecal occult blood test negative on multiple occasions despite continued therapy with dual antiplatelet therapy as well. Of note, dual antiplatelet therapy was held on admission while the patient underwent an extensive anemia work up; however, it was restarted on discharge in February 2015 as indicated in coronary artery disease with a recent non-STsegment elevation myocardial infarction.
After a review of the literature regarding PPI use and its possible correlation with iron malabsorption, we determined that long-term PPI administration may have been a significant contributor to the patient's observed iron deficiency anemia. The patient was given intravenous iron supplementation while in the hospital and was discharged on ferrous sulfate 325-mg tablets to take twice daily, and his PPI was also discontinued. After discharge, the patient presented to an outside hospital in April 2015 and passed away before completion of outpatient follow-up lab testing. Although an autopsy was not performed on this patient, his cause of death was determined to be secondary to an acute myocardial infarction.
Discussion
This patient was diagnosed with iron deficiency anemia, without any definitive sources of bleeding identified after an extensive work-up including multiple EGDs, colonoscopies, a capsule endoscopy, CT scan, Meckel's scan, and numerous lab studies. Clinical evidence of iron malabsorption was confirmed following positive iron malabsorption testing. No other apparent causes of malabsorption such as infectious, structural, or systemic were found. On review of his medications, omeprazole was the suspected culprit that could potentially be contributing to his malabsorption, as reported in some previously published clinical studies. If long-term PPI use was the origin of the patient's profound anemia, the iron malabsorption was due to the alteration in gastric pH causing the body to be unable to absorb the majority of dietary iron. The Naranjo Adverse Drug Reaction Probability Scale and the Horn and Hansten Drug Interaction Probability Scale are both suggestive of an association between long-term PPI use and the observed iron deficiency anemia (scores of 5 and 6, respectively); however, the patient's untimely death prevented confirmatory follow-up data from being obtained to confirm longterm PPI use as the culprit. Repeat lab work 3 months after cessation of omeprazole was planned to confirm recovery, as occurred in cases previously described. 3, 5 The research investigating the relationship between PPI use and iron deficiency is not consistent. Tempel et al 8 showed no effect on iron absorption with short-term PPI therapy. Some studies suggest that prolonged omeprazole use for at least 3 to 4 years is unlikely to cause iron and ferritin malabsorption, 6 whereas Sarzynski et al 9 found that among adults on long-term PPI therapy, defined as 4 1 year, there was a significant decrease in hematologic indices from baseline. Of note, our patient had no indication for long-term PPI therapy. He had mild reflux symptoms when therapy was initiated in 2005. Since that time, there was no mention of reflux in any subsequent documentation. He denied any further symptoms of heartburn or dysphagia. Such is likely the case with many patients; in their study, Sarzynski et al 9 reported that 35% of patients on long-term PPI therapy had no indication for treatment.
PPIs have been used in clinical practice for 25 years and have largely replaced histamine 2 receptor antagonists as first-line therapy. Furthermore, because many patients fail to make necessary lifestyle and dietary modifications, long-term medical therapy is required to alleviate symptoms. Long-term PPI therapy may lack benefit and may not be a benign treatment as once suspected because there are numerous adverse effects associated with this medication class. 1, 2 This case emphasizes the need for improved awareness and future studies relating to the possible complications of long-term PPI use, including iron deficiency. More importantly, it is paramount that physicians routinely reassess the need for longterm medical therapy. Although there are no recommendations regarding screening for iron deficiency or anemia in patients on long-term PPI therapy, physicians and other health care professionals should be aware of this potential side effect and consider monitoring in high-risk patients.
